The effect of wheat gluten (WG) modified by acetic acid, tartaric acid and citric acid on sensory profile and consumer acceptance of ice cream was examined. A sensory profile of ice cream including six flavours and six textures descriptors was developed by quantitative descriptive analysis. Principal component analysis and confidence ellipse analysis results indicated that ice cream C2 (substitution of 20% of skim milk powder with citric acid-deamidated WG) was the most similar to ice cream control (Ctrl) (without aciddeamidated WG). Multiple factor analysis proved that physical viscosity and overrun properties were key factors affected the sensory texture properties of ice cream samples. External preference mapping indicated that consumer acceptance of Ctrl and C2 was the highest, and the inducing factors were 'sweetness', 'dairy flavour', 'fat feel', 'meltdown' and 'density' attributes. The C2 ice cream was suggested as a prototype for further development of ice cream with citric acid-deamidated WG.
Introduction
Ice cream can be defined as a food colloid system and a complex emulsion that contains air cells, ice crystals and fat globules dispersed in a freeze-concentrated dispersion/solution of proteins, polysaccharides, salts and sugars . Ice cream was considered to be an indulgent category of food in the past; however, it has now developed to adapt most readily to nutrient fortification and serve as good carriers of nutraceuticals because of their low storage temperature, ability to stabilise ingredients (Gabbi et al., 2018) . Nowadays, new varieties of ice cream are being developed targeting the palate and health intention of consumers. For example, add functional ingredients including antioxidants, phenolics, phytosterols and dietary fibres into ice cream matrix (Gabbi et al., 2018) . In addition, the ice cream matrix is a good vehicle for probiotic cultures, due to its composition, which includes milk proteins, fat and lactose, as well as other compounds (Cruz et al., 2009) .
A key component in the ice cream system, protein provides essential nutritional values as well as contributes to the ice cream structure (Balthazar et al., 2018) . Whey protein, milk protein and soy protein were the most common sources of protein used in ice cream preparation (Cheng et al., 2016; Laiho et al., 2017; Liu et al., 2018) . However, no studies have reported on the application of wheat gluten (WG) as a protein source in ice cream production, except for Ahmedna et al. (1999) who reported the use of a solubilised wheat protein isolate in ice cream.
Wheat gluten, a by-product of wet processing of wheat, is an abundant source of plant protein. WG is economically better than casein and soy isolates and animal proteins, which are commonly used in food industries as sources of protein supplementation (Liao et al., 2010) . WG is insoluble in water because of its uncharged amino acid residues and glutamine residues (glutamines and asparagines) in glutenin and gliadin, which restrict its use in food production (Liao et al., 2010) . Deamidation with organic acids is a typical method used to improve the water solubility of WG (Day et al., 2006) . Acid-deamidated WG added into an ice cream system to increase matrix viscosity and water solubility can improve the quality of ice cream for its crystal size, recrystallisation, melting rate, and bubbles (das Grac ßas Pereira et al., 2011) . However, the substitution of skim milk powder (SMP) with aciddeamidated WG may yield uncertain results with respect to the sensory properties of ice cream (Moriano & Alamprese, 2017 ).
In the current study, acetic acid-deamidated WG (ADWG), tartaric acid-deamidated (TDWG) and citric acid-deamidated WG (CDWG) used as SMP replacements in ice cream production were developed and evaluated. Thus, this study aimed to (a) establish a sensory profile and assessment of acceptability of ice cream prepared with different doses of ADWG, TDWG and CDWG; (b) explore correlation between physical and sensory properties of ice cream samples; (c) identify the sensory attributes of ice cream, which draw or repel consumers; and (d) identify the most favourite ice cream formulation to be used as a prototype for further development of ice cream.
Materials and methods

Materials
Wheat gluten containing 74.51% (w/w, dry basis) crude protein, 8.76% moisture, 1.3% fat and 9.3% carbohydrate was obtained from Lianhai Biotechnology Co., Ltd. (Nantong, China). Other materials used to produce ice cream were of food grade, including skim milk powder (Bright Dairy & Food Co., Ltd., Shanghai), xanthan gum, guar gum, monoglyceride (Da Tian Food Additive Company, Henan), carrageenan (Qi Yuan Feng Trading Company Ltd., Guangzhou), hydrogenated palm oil (Xiangning Bioengineering Co., Ltd., Shandong), sucrose, acetic acid, tartaric acid and citric acid (Junshi Chemical Technology Ltd., Suzhou).
Preparation of acid-deamidated wheat gluten powder
Wheat gluten was modified with acetic acid, tartaric acid and citric acid following the deamidation method described in Liao et al. (2010) , with certain modifications. WG was first mixed with 0.1 mol/L acetic acid, tartaric acid and citric acid solution at the ratio of 10% (w/v) in distilled water, respectively. The suspensions were subsequently hydrated for 3 h at room temperature with a stirring speed of 500 r.p.m. Each sample was heated at 121°C for 10 min and then held in an ice water bath for 5 min to stop the reaction. The treated WG solutions were then spray-dried to obtain ADWG, TDWG and CDWG powder for further application in ice cream.
Ice cream processing
Ice cream was prepared following the method described by Bund & Hartel (2013) with slight modification. Ice cream ingredients (Table 1) were mixed at 60°C. The mixture solution was subsequently sterilised at 80°C for 15 min, homogenised in an APV-1000 homogenizer (SPX Corporation, USA) twice with pressure of 16 MPa and then with 4 MPa at 65-70°C. The mixture was aged at 4°C for 4 h, frozen in a BQ-II ice cream machine (Refrigeration Equipment Factory, Shanghai) at À5°C for 15 min. Prepared ice cream samples were stored at À18°C for 48 h before further sensory analysis. As shown in Table 1 , ice cream (Ctrl) used as a control was prepared without deamidated WG substitution. ADWG was used to prepare A1, A2 and A3 ice cream with 10%, 20% and 30% substitution ratio of SMP, respectively. T1, T2 and T3 ice cream were prepared with 10%, 20% and 30% of the total protein weight of TDWG, respectively. By the same principle, C1, C2 and C3 were prepared using CDWG with 10%, 20% and 30% replacement of SMP.
Sensory evaluation
Preparation of ice cream samples Prepared ice cream samples (20 g each) were freshly served in 50 mL transparent glass cups at room temperature for sensory evaluation. Each sample was labelled using three random numbers, without any special code that would reveal any impression, and then randomly served with corresponding application of sensory evaluation.
Sensory acceptability of ice cream samples
Analysis of sensory acceptability was conducted among 68 student consumers aged 20-33 years old and consisting of 28 males and 40 females from Jiangnan University. The consumers first completed a questionnaire related to liking and frequency of consumption of ice creams. Sensory evaluation by consumers of prepared ice cream samples was held in two sessions, with five samples in each session. A sevenpoint hedonic scale was used, as follows: (1) extreme dislike, (3) neither like nor dislike and (7) extreme like. The appearance, aroma, texture, flavour and overall acceptability of the prepared ice cream samples were evaluated by consumers. Ultimately, only the results for 60 consumers (55% female, 45% male) were collected and analysed.
Quantitative descriptive analysis of the ice cream samples Quantitative descriptive analysis was used to characterise the sensory profiles of the prepared ice cream samples. Initially, 33 assessors were recruited from Jiangnan University according to the selection criteria, including their availability, attitude toward ice cream, interests and willingness to cooperate as emphasised in ISO 8586.
Detection and discrimination tests of basic tastes reported in ISO 8586 were employed to screen and train panellists. Ten qualified panellists (aged 20-29, consisting of five females and five males) with high repeatability, discrimination ability and consensus with others were selected for descriptive sensory analysis.
The sensory descriptors were generated and finalised by the ten panellists. M values of descriptors were calculated according to methods emphasised in ISO 11035. As a result, descriptors which M value was above 0.3 were finalised. Otherwise they were reduced. Then, the panellists defined and referenced the descriptors according to the seven-point line scales (1 = minimum intensity; 7 = maximum intensity) ( Table 2) . After the training for three sessions lasted for 6 h, all ten qualified panellists were asked to score the intensity of each ice cream, replicated three times by using the sensory profiles of 12 descriptors and references, as shown in Table 2 . Data on the intensity of ice cream samples, as described by the ten panellists, were collected for principal component analysis (PCA).
Instrumental measurement of physical properties of ice cream
The viscosity of the ice cream samples was measured under steady-state shear conditions using an AR1000 rheometer (TA Instrument, New Castle, DE, USA) with a concentric cylinder. Steady-shear analysis was conducted using a 60-mm flat probe at 1 mm gap with a shear rate ranging from 1.5 to 150 s À1 . The rheometer was thermostatically controlled at 25°C. The data points were collected using the logarithmic model.
To estimate the first dripping time and melting rate of ice cream, according to the method described by Soukoulis et al. (2008) , 30 g ice cream sample was weighted and placed on a wire mesh screen (4 holes/ cm) at 25°C for melting. The volume and weight of the ice cream melt were recorded every 5 min, and the melting rate was expressed as % w/w. The time of first drop on melting of ice cream was documented as the first dripping time.
The hardness of the ice cream samples was determined using a TA.XT2i texture analyzer (Stable Micro Systems, UK). The samples were penetrated to a depth of 20 mm with a 5-mm-diameter cylindrical probe (P/5). The descending speed of the probe was 2 mm s
À1
, and the testing speed was 3 mm s
. The maximum applied force (N) was defined as the hardness of ice cream samples. 
Statistical analysis
Duncan's multiple range test was applied to compare means when a significant variation was established by a All values shown in the formulation represent their percentages of total weight based on w/w. b Ice cream samples with different letters Ctrl (not addition of any kind of modified wheat gluten), A1, A2, A3 (substitution of 10%, 20% and 30% of skim milk powder with acetic acid-deamidated wheat gluten, respectively), T1, T2, T3 (substitution of 10%, 20% and 30% of skim milk powder with tartaric acid-deamidated wheat gluten, respectively), C1, C2, C3 (substitution of 10%, 20% and 30% of skim milk powder with citric acid-deamidated wheat gluten, respectively).
ANOVA performed in SPSS version 17.0 (SPSS, Chicago, IL, USA) at the significance level of P < 0.05. Principal component analysis was performed on the correlation matrix of mean scores matrix (12 columns 9 10 rows) averaged across panellists and replicates for significant discrimination attributes among the samples. Confidence ellipse analysis of products based on panellist descriptions was conducted by bootstrapping to provide constructive graphical information on product uncertainty and validity of descriptive sensory evaluation results. Multiple factor analysis (MFA) was used to explore sensory properties related to physical properties of ice cream samples. MFA was applied to the data matrix (17 columns 9 10 rows), which included autoscaled data sets in two blocks containing five physical parameters and ten panellists' mean intensity scores of 12 descriptors of the ten ice cream samples. Data on overall preference intensities were used to conduct agglomerative hierarchical clustering (AHC) of group consumers. To elucidate the effect of attributes on consumer preference, external preference mapping (EPM) was conducted by PREFMAP method in XLSTAT software on the sample score results obtained by PCA on the first two principal components (X configuration) and average overall acceptability scores of clusters means obtained by AHC (Y). Partial least squares regression (PLSR) was also conducted using the descriptive variables (12 columns 9 10 rows) (X matrix) and consumer preference scores (60 columns 9 10 rows) (Y matrix) to associate consumer preference with sensory data. The data were preprocessed by auto scaling, and the model was validated by Jackknife cross-validation.
The previous mentioned statistical analysis was performed using XLSTAT ver. 2018.01 (Addinsoft, New York, USA). The previous statistical analysis was set at a 95% confidence level.
Results and discussion
Sensory profile and principal component analysis of sensory ratings
The sensory profile of ice cream samples is shown in Table 2 . Compared with other studies, the new term 'wheat flavour' was first developed in ice cream products probably because of the addition of acid-modified WG (Dooley et al., 2010; Kwak et al., 2016) . The sensory evaluation test results for the ice cream samples prepared with SMP substitution using modified wheat gluten (MWG) are presented in (Trgo et al., 1999) . The T1, T2 and T3 samples with high levels of iciness potentially lead to an undesirable mouthfeel (Trgo et al., 1999) . Viscosity is another important attribute of ice cream because it correlates with the desirability of the body and texture of ice cream (Temiz & Yes ßilSu, 2010) . The A2 and A3 ice cream samples prepared with ADWG exhibited higher viscosity levels, compared with the other ice cream samples. This result indicated that the addition of ADWG to ice cream significantly affected the viscosity of ice cream. Meanwhile, C1, C2 and C3 ice cream prepared by the partial substitution of SMP with different doses of CDWG lead no significant differences (P > 0.05) in 'dairy flavour', 'fat feel' and 'meltdown', compared with the Ctrl ice cream. Principal component analysis was used to generate a sensory map to evaluate correlation descriptors and to describe the overall sensory space of ice cream within the associated sensory attributes. A correlation matrix among all variables (descriptors) is presented in Table 4 . Significant correlations were observed among the variables, with coefficients in bold being significant. Regarding PCA, nine principal components (PCs) were provided by dimension reduction. The eigenvalues of the first two PCs were >2, indicating that they should be interpreted (Mukhopadhyay et al., 2018) . Moreover, the absolute values of descriptor factor scores on either F1 or F2 dimension were >1.5. Consequently, a two-dimensional PCA model was selected. The first two PCs comprised 84.11% of the total variance; meanwhile, F1 and F2 comprised 62.85% and 21.26% of the variance, respectively (Fig. 1) . The loading of each descriptor on the first two PCs as calculated by PCA is presented in Fig. 1a . This finding indicated that all descriptors in the PCA were significant variables for describing and distinguish ice cream samples for the absolute values of the descriptor factor loading on either F1 or F2 above 0.5 (Pereira et al., 2015) . Regarding the factor loading of descriptors, the fat feel and meltdown attributes contributed the most in explaining the variation in F1, followed by dairy flavour and 'sweetness'; in F2, density and viscosity were the most discriminated variables (Fig. 1a) . Correlation between meltdown and fat feel was noted because their loading lines (Fig. 1a) nearly overlapped, and the correlation matrix (Table 4) showed that their positive coefficient r = 0.964 was significant (P < 0.05). As emphasised by Campbell & Pelan (1998) , meltdown resistance increased owing to increased fat destabilisation. The fat feel attribute potentially influenced the meltdown mouthful. In the current study, viscosity and sourness were positively correlated with wheat flavour with their coefficients being r = 0.669 and r = 0.908 (P < 0.05), respectively; Table 4 reflects this correlation. An increase in acid-deamidated WG additive may lead to increases in viscosity and sourness of ice cream. Protein correlated with viscosity, and acid in acid-deamidated WG correlated with sourness. Several studies also reported that the addition of proteins to ice cream formulations increased the viscosity of the ice cream matrix (Sofjan & Hartel, 2004 ; das Grac ßas Pereira et al., 2011) . A scatter plot depicting the scores of the ten ice cream samples is presented in Fig. 1b . The plot shows that ten ice cream samples were separated into four quadrants with different distances. In a PCA observation score plot, the shorter the distance between two products, the higher their degree of similarity (Chawla et al., 2014) . Distances between A1, A2 and A3 were the nearest, suggesting that they were the most similar products (Fig. 1b) . Conversely, the products were separated and varied from others by sourness, firmness, wheat flavour and viscosity (Fig. 1a and Fig. 1c) . Similarly, biplots of PCA showed that C1, C2 and C3 were characterised by density, meltdown and fat feel. Ice cream samples T1, T2 and T3 were characterised as bitterness, astringency and iciness. The Ctrl ice cream could be distinguished from other ice cream samples by dairy flavour and sweetness. The positions of the samples on a sensory map based on PCA are determined with uncertainty because it depends on panel selection and variability among panellists (Lê et al., 2008) . A confidence ellipse generated around the ice creams samples allowed the visualisation of the uncertainty of their positions and comparison of similarities among samples by the overlapping of their confidence ellipses. Figure 2 shows that the Ctrl ice cream was well separated from others except C2. The figure confirms that the characteristics of the Ctrl ice cream were significantly different from those of other ice cream samples except C2. Indeed, the ellipses of C2 and Ctrl overlapped, confirming that their sensory properties were most similar. With regard to overlapping of the ellipse, T1, T2 and T3 were most similar; conversely, they were different from other ice cream samples. The same results can be concluded for the A1, A2 and A3 group as well as the C1, C2 and C3 group.
Relationships between sensory and instrumental physical properties of ice cream samples
Multiple factor analysis was shown to be an appropriate technique to reveal common relationship between sensory and physical properties of ice cream samples. Figure 3 shows that the first two principal components explained 69.46% of the total variance. In the first quadrant, the physical viscosity was positive correlated with sensory density (r = 0.738) and viscosity (r = 0.689). In addition, physical overrun was positive correlated with sensory density (r = 0.415) and viscosity (r = 0.649). For the previous PCA results, it was underlined that the sensory density and viscosity were the most discriminate variables. This probably was ascribed to the physical viscosity and overrun of the ice cream samples. Along the PC1, it was found that physical melting rate was correlated with sensory fat feel (r = 0.346) and meltdown (r = 0.222). This suggested that physical melting rate contributes to explain variance between ice cream samples due to sensory fat feel and meltdown explained most variance of F1 in PCA result of ice cream samples. In addition, the first dripping time was positive correlated with sensory viscosity (r = 0.300) and firmness(r = 0.363). Along the PC2, it proved that the hardness physical property mainly influence the iciness sensory properties of ice cream samples (r = 0.276) and firmness (r = 0.259).
The MFA results proved that the sensory analysis could provide relative objective results similar with instrumental measurement of physical properties of ice cream samples. In addition, the overrun and viscosity physical properties were the two main factors that had effected on the sensory texture properties of ice cream samples. This was accordance with Temiz & Yes ßilSu (2010) reported that viscosity correlates with the desirability of the body and texture of ice cream. Also, Kurt & Atalar (2018) underlined that overrun value affected the structure, sensory, texture and melting behaviour of ice cream.
Preference mapping of ice cream samples
Three sequential steps were needed to establish EPM: creating the sensory map, grouping the consumers and generating the preference map. Consumer segmentation can be used to understand consumer eating perceptions and preferences (Sasaki et al., 2017) . By AHC, consumers were grouped into nine clusters according to the dissimilarity of the preference score (Fig. 4) . Cluster 1 (CL1) consisted of 12 consumers (20% of total consumers), and the mean preference scores of the Ctrl and C2 ice cream samples were higher than those of other ice cream samples (Table 6 ). This finding indicated that Ctrl and C2 were preferred to other samples. With regard to the mean preference score across consumer clusters, most consumer clusters preferred Ctrl and C2 the most. Meanwhile, CL7 consisted of seven consumers (11.67% of the total number of consumers). In addition, C2 and C1 were their most preferred ice cream. To create EPM, PREFMAP was performed using the sensory factor scores (Table 5 ) and average overall preference scores for each of the nine clusters (Table 6 ). With regard to PREFMAP, four different regression models (vector model, circular model, elliptical model and quadratic surface model) were autoselected using software to provide the overall preference for each consumer group (Yenket et al., 2011) . The final PM is given in Fig. 5a , indicating the best fitting model for each cluster and consumer preference. Overall, the high-preference area is spread on the right side of the plot (warm region); by contrast, the dislike area is located on the left side of the plot (cold dark region). The vector model was the best fit (P < 0.05) for CL 4, CL6, CL7, CL8 and CL9, where vectors indicate the direction of maximum preference. For CL9, the vector of maximum preference was significantly directed towards the negative side of the F2 axis and the positive side of the F1 axis, towards the Ctrl ice cream sample and opposite the A1, A2 and A3 ice cream samples. The direction of this vector suggested that CL9 consumers preferred the Ctrl ice cream with a sweetness and dairy flavour. By contrast, the consumer rejected A1, A2 and A3 ice cream samples probably because of their high levels of sourness, wheat flavour and firmness (Fig. 1c) . For CL4, CL6, CL7 and CL8, the vectors were directed towards the positive side of the F1 and F2 axes, opposite C1, C2 and C3 ice cream samples to T1, T2 and T3 ice cream samples. These results indicated that the consumers of these clusters preferred ice cream samples prepared using CDWG, characterised as exhibiting meltdown, fat feel and density. By contrast, the consumers of these clusters disliked T1, T2 and T3, which exhibited bitterness, astringency and iciness. For CL1, CL2, CL3 and CL5, the best fitting model was a quadratic model. The model signalled the ideal point, indicating the location where the overall consumer preference was higher. With regard to these four clusters, consumers preferred the Ctrl ice cream the most. Ctrl and C2 were positioned in the warm area where prediction success rate (percentage of cluster mean scores above their mean score) was between 80% and 100% (Pestori c et al., 2017) . Ctrl and C2 were considered as the samples with the highest relative preference scores across clusters. The ice cream samples T1, T2 and T3 as well as A1, A2 and A3 were on the opposite of the map, and most of them were in a cold dark region (0%-40% predicted success rate), except for A1 with a predicted success rate of only 40%-60%. EPM obtained by PREFMAP indicated that all consumers in this study preferred the Con ice cream as well as those ice cream samples prepared using CDWG; by contrast, all consumers in this study rejected the ice cream samples prepared using ADWG and TDWG.
Different from PREFMAP, PLSR allows the identification of attributes that contribute positively or negatively to the acceptability of ice cream samples directly (Morais Ferreira et al., 2017) . The PLSR was conducted on QDA intensities and consumer preference scores. The cumulative Q 2 value for the first two components was 0.532. The cumulative R 2 Y was 0.673, and R 2 X was 0.771 for the first two components. According to Chin (1998) and Henseler et al. (2009) , R 2 value greater than 0.67 indicates a high predictive accuracy. This indicated that the first two components generated by PLSR summarised well both the X matrix and Y matrix. The first two components of the model explained 84% of X-variance and 81% of Y-variance. Different associations could be seen from the biplot (Fig. 5b) . It shows that consumers were positively correlated with t1(first dimension) and located in the same direction as the Ctrl sample as well the C1, C2 and C3 ice cream samples while in the opposite direction as the A1, A2 and A3 samples, as well as the T1, T2 and T3 samples. These findings indicated that consumers preferred Ctrl, C1, C2 and C3 samples and disliked the other ice cream samples. Sensory attributes including sweetness, dairy flavour, fat feel, meltdown and density were positively correlated with all consumers as well as the Ctrl, C1, C2 and C3 ice cream samples. Thus, projecting these sensory attributes onto EPM enabled them to be identified as the major drivers for liking ice cream. Meanwhile, the attributes indicating iciness, bitterness, firmness, astringency, viscosity, wheat flavour and sourness were negatively correlated with consumers' preference, whereas positively correlated with loading of A1, A2 and A3 as well as T1, T2 and T3 ice cream samples. As a result, these descriptors were cited as drivers for disliking ice cream and explained the location of A1, A2 and A3 as well as T1, T2 and T3 ice cream samples in the cold dark region on the preference map (Fig. 5a) . Similar results were obtained in other studies. Cadena et al. (2012) used PREFMAP and concluded that sweetness, 'powdered milk' flavour and 'creaminess' of texture contributed positively to the acceptability of ice cream. Kanta et al. (2018) also conducted PLS1 to indicate that a sweetness flavour and a 'creamy' texture contributed to consumer preference. Kwak et al. (2016) used PLS regression to indicate that 'cooked milk' flavour and 'denseness' of texture induced preference for ice creams and that iciness and 'hardness' of texture, as well as astringency or bitterness of flavour induced dislike for ice cream. To conclude, consumer segmentation by AHC and EPM by PREFMAP and PLSR can elucidate consumer preference for Ctrl and C2 ice cream samples, suggesting that the drivers for liking were the following attributes: sweetness, dairy flavour, fat feel, meltdown and density. By contrast, the factors inducing dislike were the following attributes: iciness, bitterness, firmness, astringency, viscosity, wheat flavour and sourness.
Regarding the formulations of the ice cream samples, high protein content of WG could enrich the protein content of ice cream. In addition, WG could provide dietary fibre compared to SMP which is beneficial for health. Also, Liao et al. (2010) underlined that citric acid deamidation could improve the nutritional characteristics of WG especially content of essential amino acids. The three acids deamidated WG were first time added into ice cream system in this investigation. The findings in this study suggested that the ice cream sample which replaced 20% of SMP with CDWG was the most favourite among consumers. This is beneficial for ice cream industry to use this formulation as a prototype to develop functional ice cream containing high content of protein and fibre. Thus, provide varieties choices for consumers targeting palate and health aspects of ice cream.
Conclusion
In the quantitative descriptive analysis, a sensory profile was developed, which led to the conclusion that the C2 ice cream characterised by 'density', 'fat feel' and 'meltdown' was most similar to the Ctrl ice cream described by 'dairy flavour' and 'sweetness'. Multiple factor analysis of sensory and instrumental physical properties of ice cream samples explored that physical viscosity and overrun were key factors affected the sensory texture properties of ice cream. In consumer acceptability testing, consumers were segmented into nine clusters on the basis of their preference scores. EPM was performed using PREFMAP, and PLSR indicated that Ctrl and C2 were perceived as ice cream with the highest relative preference among consumers. This investigation is the first to add acid-deamidated WG into ice cream and evaluate the effects of aciddeamidated WG dosage on the sensory properties of ice cream. The developed sensory profile and preference map could contribute to the development of ice cream samples. In addition, C2, which was identified as the most preferred ice cream, could be used as a prototype for further development of ice cream prepared using CDWG.
